Male peacock blennies (Salaria pavo) release odors from their anal glands and, possibly, from their gonads that attract reproductive females. The current study investigated the effects of 11-ketotestosterone (KT) on development of the anal glands, testes, and accessory testicular organs as well as the subsequent olfactory potency of their secretions. After 3 wk of KT treatment (5 mg/kg in silastic implants), clusters of cells secreting neutral mucins differentiated in the anal gland of all treated males, whereas this occurred in only one control male. Secretions by anal glands from KT-treated males elicited greater olfactory responses, as assessed by electro-olfactography, than those from controls. Treatment with KT stimulated testicular gland growth and sialomucin secretion but had no clear effect on the germinal region of the testis; KT also stimulated enlargement of, and fluid secretion in, the blind pouches (paired evaginations of the spermatic ducts). Secretions by the testes and fluid in blind pouches from KT-treated males elicited greater olfactory responses than those from controls. In conclusion, KT stimulates development of the anal glands and testicular accessory organs and promotes odorant secretion, the putative multicomponent male peacock blenny pheromone.
INTRODUCTION
Species-specific chemical signals (i.e., pheromones) are produced by scent glands or released into the environment through urine and/or other body fluids, and they can affect reproductive behavior in many vertebrates [1] [2] [3] . Pheromone production in males is, in general, androgen dependent [2, [4] [5] [6] [7] ; however, knowledge of specialized tissues that produce pheromones in male teleosts is limited. The seminal vesicle of African catfish (Clarias gariepinus) and the mesorchial gland in the testis of black goby (Gobius niger) and round goby (Neogobius melanostomus) are the two known examples of specialization in male gonads of fish that have been related to sex pheromone production [8] [9] [10] [11] [12] [13] . Glands on the fins or gills of spawning male characins also have been suggested as a source of sex pheromones [14] [15] [16] , but to our knowledge, this hypothesis has not been tested. Also to our knowledge, whether differentiation of putative pheromone-producing glands in teleosts is dependent on circulating androgens has not been investigated.
In fish, the main androgen is 11-ketotestosterone (KT), which generally is more effective than testosterone in stimulating development of secondary sexual characteristics and reproductive behavior in males [7] . This is true of combtooth blennies, in which territorial/parental males have higher plasma KT levels than females or other male morphotypes [17] [18] [19] [20] . In many blennies, including the peacock blenny, Salaria pavo (Risso, 1810), the mating system is polygynandric. Territorial males establish nests in rock crevices and take care of the eggs until hatching [21] , whereas small, ''sneaker'' males reproduce by sneaking fertilization of eggs during spawning events [22] [23] [24] . The larger, territorial males have conspicuous secondary sexual characteristics, such as a head crest and a pair of anal glands that develop on the first two rays of the anal fin, that are not present in the sneaker males [21, 25, 26] . They also have accessory testicular organs: a testicular gland on the ventral side of the germinal testis, and blind pouches (paired evaginations of the distal portion of the spermatic ducts) that extend rostrally to approximately half the length of the testis [27, 28] .
During the spawning season, the anal glands of territorial males grow and develop numerous clusters of secretory cells that produce neutral mucins (Serrano et al., unpublished data) and release a putative pheromone that attracts ready-to-spawn females [29, 30] . Maximal female attraction, however, is evoked by a mixture of odorants from the anal glands and other sources, suggesting a multicomponent pheromone [30] . As with other aspects of their reproductive physiology, KT likely is involved in the regulation of pheromone production in male blennies. The current study assessed the effect of KT implants on the development of anal glands and testes in interspawning territorial males and on the olfactory potency of their secretions.
MATERIALS AND METHODS
All experimental procedures involving live fish followed the guiding principles for the care and use of research animals endorsed by the Society for the Study of Reproduction, in accordance with the National Research Council publication Guide for Care and Use of Laboratory Animals (''NIH Guide'').
Collection and Maintenance of Blennies
Blennies were caught in the salt marshes of Ria Formosa (Algarve, southern Portugal; 36859 0 N, 7851 0 W) in January (interspawning season) and were kept in tanks (120 3 100 3 60 cm) with 360 L of aerated seawater as well as sand substrate and polyvinyl chloride (PVC) tubes (length, 15 cm; diameter, 3 cm) as shelters. Tanks were placed outside of the Experimental Station of Ramalhete (University of Algarve) in the Ria Formosa. Females also were caught during the prespawning season (March; nonreproductive) and the spawning season (May; reproductive) and were kept in glass aquaria (under natural temperature and photoperiod) with a sand and stone substrate. The fish were fed daily with mussels (Mytilus spp.).
Male Blennies, Experimental Conditions, KT Implants, and RIA Two groups of 12 interspawning males, with minimal differences between standard length (SL), body weight (BW), relative crest height (ratio between head height and body height), and sectional areas of the genital papilla and anal gland, were formed. Measurements were taken from anesthetized males (0.3 g/ L of MS222 in water; 3-aminobenzoic acid ethyl ester; Sigma-Aldrich). The sectional areas of the anal gland and genital papilla were calculated from a photograph taken with a digital camera (5 megapixels; Canon Power Shot S50) under a stereomicroscope (Leica M26) using Image-Pro Plus 3.0 software (MediaCybernatics). The males were kept in four flow-through glass tanks, with each tank (70 3 40 3 30 cm, 70 L of aerated seawater, 14 6 0.28C, sand substrate) having opaque PVC plates separating six compartments (9 3 30 3 30 cm) for single males. Each male had a gray PVC tube shelter (length, 15 cm; diameter, 3 cm), and the compartments were separated from the back by a net (mesh size, 5 mm) that defined an area along the width of the tank (70 3 10 3 30 cm) where a thermostat was placed; there was no visual contact between males. For initial acclimation to indoor conditions, the males were kept under winter photoperiod (8L:16D; lights-on, 0900-1700 h) and water temperature (14 6 0.28C) for 6 days. Over the next 3 days, the photoperiod and water temperature were increased at a rate of 2.7 h/day and 2.78C/day to 16L:8D (lights-on, 0600-2200 h) and 22 6 0.28C, respectively. The following day was considered to be Day 0 of the experiment.
On Day 0, silastic implants (inner diameter, 1.47 mm; outer diameter, 1.96 mm; Degania-MedNet) containing 5 mg/ml of KT in castor oil (Sigma-Aldrich) were implanted in the abdominal cavity of one group (KT-treated, n ¼ 12), and the other group received implants containing castor oil only (control, n ¼ 12). The length of the tube inserted was related to the weight of the fish so that the dose of KT was 5 mg/kg fish weight, which was similar to that used by Kobayashi et al. [31] . Males were anesthetized (0.3 g/L of MS222 in the water), after which a blood sample was taken (from the caudal vein), a small portion of the anal gland anterior lobe was taken for histology and histochemistry (see below), and the silastic implant was inserted in the peritoneal cavity through a small incision in the posterior abdomen. The incision was sealed with Vetbond tissue adhesive (3M). After recovery in small aquaria, males from the two groups were returned to separate glass tanks (described above), each tank containing only control or KT-treated males. Control and KT-treated males did not differ in their morphological traits (Table 1) . Fish were fed mussel pieces (Mytilus spp.) daily. A blood sample and a portion of the anterior lobe of the anal gland were taken 7, 14, and 21 days after implantation. Two KT-treated males that died on Days 3 and 20 were excluded from later analysis. After 14 days, KT-treated males, but not control males, stopped feeding. Treatment with KT, however, had no effect on SL, BW, or cephalic index (data not shown).
On Day 21, all males were killed by immersion in water containing 1 g/L of MS222 for 5 min. The anal glands and testes were removed, and the gonadosomatic index (GSI; gonad wt/fish wt 3 100) and anal gland somatic index (anal gland wt/fish wt 3 100) were calculated. Small portions of the anterior anal gland and one of the testes plus testicular gland (attached to the ventral side of the testis) were taken for histology and histochemistry; portions of the anterior and posterior lobes of the anal gland, the fifth and sixth anal fin rays, and the other testis were taken for incubation in vitro to assess the olfactory potency of incubation media by electro-olfactography (EOG) in females (see below). The blind pouches were classified as ''rudimentary'' if not visible, as ''in development'' if visible but with little or no fluid inside, as ''developed'' if clearly visible and containing some fluid, and as ''well developed'' if clearly visible, large, and full of fluid. When possible, fluid was taken from the blind pouches (using a syringe and fine needle), then pooled between males within each treatment (4 control and 10 KT-treated males gave a pool of 45 and 120 ll, respectively) and frozen for EOG.
Plasma KT was measured by RIA following the methodology described by Scott and Canário [32] . Assay cross-reactions were reported by Kime and Manning [33] . The limit of detection of assays was 150 pg/ml for KT; intraand interassay variations were 8.2% and 11.6%, respectively. Plasma levels of KT measured 7 days after implantation (see Results) were within the range of those measured during the breeding season of S. pavo in Ria Formosa [20] .
Cytological Assessment of Anal Gland and Testis
Given the consistency of responses to KT, a subset of six anal glands each was randomly selected among the control males (n ¼ 12) and among the KTtreated males (n ¼ 10). Portions of the anal glands taken from the same males on Days O, 7, 14, and 21 were fixed in Bouin fixative and embedded in paraffin (Leica Histowax; Histolab Products AB). Paraffin sections (thickness, 7 lm) were treated with periodic acid-Schiff (PAS) and Alcian Blue 8GX (AB; pH 2.5) to stain neutral and acidic mucins, respectively, following procedures described by Pearse [34] ; this staining allows a clear distinction to be made between clusters of secretory cells and clusters of mucous cells in histological sections of the anal glands. Photographs were taken with a light microscope (Leica DM 2000) coupled to a digital camera (Leica DX430), and the area occupied by secretory cells was calculated using Image-Pro Plus 3.0. Portions of the anal gland taken on Day 21 from both KT-treated males (n ¼ 6) and control males (n ¼ 6) were fixed for electron microscopy in 2.5% glutaraldehyde fixative in 0.1 M cacodylate buffer (pH 7.4), postfixed in 1% osmium tetroxide, and embedded in hard Spurr resin with propylene oxide as bridging solvent. Ultrathin sections (thickness, 70 nm) were cut using a diamond knife on a Leica Supernova ultramicrotome, stained with uranyl acetate and lead citrate, and examined in a Philips CM 10 transmission-electron microscope operating at 80 kV.
Testes with testicular glands taken on Day 21 from control males (n ¼ 6) and KT-treated males (n ¼ 6) were fixed in Bouin fixative and processed for light microscopy as described above. Some sections were stained with hematoxylin and eosin (H&E) to show general morphology. Others were stained to show neutral and acidic mucins, because the testicular glands produce glycoproteins during the breeding season [35, 36] . The area of the testis and testicular gland (sections stained with H&E) and the areas occupied by the nuclei of secretory cells, mucins, and unstained vacuoles in a representative area (3000 lm 2 ) of the central zone of the testicular gland (sample area of 3000 lm 2 in sections stained with PAS and AB) were calculated using Image-Pro Plus 3.0. Identification of the spermatidal stages in the testis was as described by Lahnsteiner and Patzner [37] .
Olfactory Potency Assessment of Male Secretions
To obtain anal gland and testis secretions of control males (n ¼ 12) and KTtreated males (n ¼ 10), tissues were incubated individually. The incubations were carried out for 24 h in 24-well plates (Costar Corporation) containing 10 mg tissue/ml culture medium (trout balanced salt solution) [38] at 22 6 0.28C with an oxygen-enriched atmosphere and gentle agitation. Part of the culture medium for each tissue from each group of males was pooled. Both individual and pooled tissue culture media were frozen at À208C until use.
The olfactory potency of incubates from anal glands, undifferentiated skin (fin rays) and testis, and blind-pouch fluid as well as KT was assessed by EOG in prespawning and spawning females using the procedure described by Serrano et al. [30] . To lessen the shunting effect of seawater, females were gradually adapted to dilute seawater (12%) for at least 5 days before recording. Females were anesthetized by immersion in water containing 0.1 g/L of MS222, followed by subcutaneous injection of of Saffan (Schering-Plough Animal Health) at 30 ll/10 g, then placed on a padded V-clamp with aerated water pumped over the gills. During recording for each female, the order in which the stimuli were given was randomized. Responses to blank (stimulusfree background water treated in exactly the same way as stimulus solutions) and to 10 5 M L-cysteine (standard stimulus) were recorded in between groups of related stimuli. The mean of the first and second blank responses was then subtracted from each response and normalized to the mean of the first and last responses to the standard (similarly blank subtracted). The EOG recordings were made in prespawning (caught in March) and spawning (caught in May) females with flat and distended abdomens, respectively. After recording, females were killed by immersion in water containing 1 g/L of MS222 for 5 min to assess the relative weight of their ovaries. For anal gland and undifferentiated skin secretions, pools of anal gland or fin-ray culture media were given at 0.1, 0.01, and 0.001 mg tissue/ml to prespawning (mean 6 SD: SL, 82 6 10 mm; BW, 7.3 6 2.1 g; GSI, 0.7% 6 0.1%; n ¼ 6) and spawning (SL, 81 6 4 mm; BW, 6.6 6 0.9 g; GSI, 7.2 6 1.1%; n ¼ 6) females. Pooled culture media of anal glands at the lowest concentration tested (0.001 mg tissue/ml) and pooled culture media of fin rays at the two lowest concentrations (0.01 and 0.001 mg tissue/ml) did not evoke EOG recordings of significant amplitude and, therefore, were not considered for data analysis. Three spawning females were tested for individual tissue culture media of anal glands or fin rays at a concentration of 0.1 mg tissue/ml. Pools of testis culture media (0.1, 0.01, and 0.001 mg tissue/ml) and pools of blind-pouch fluid (dilutions of 1:10 4 , 1:10 5 , and 1:10 6 v/v) also were tested in both prespawning (SL, 83 6 8 mm; BW, 7.7 6 2.3 g; GSI ¼ 1.3% 6 1.3%, n ¼ 10) and spawning (SL, 79 6 4 mm; BW, 6.3 6 0.9 g; GSI, 7.6% 6 1.1%; n ¼ 10) females. Testicular tissue culture media of all males (0.01 mg tissue/ml) in each treatment group were tested in three spawning females. The olfactory potency of culture medium alone was less than that of tissue culture media from control fish and was not considered for the analysis. Treatment with KT alone did not evoke significant EOG responses at 10 À6 M.
Statistical Analysis
Data were tested for normality and equality of variances and, if possible, were log 10 (n þ 1.5)-transformed to reduce heterogeneity of variances, allowing the use of parametric statistical tests. Otherwise, nonparametric tests were used. Repeated-measures ANOVA with treatment as between-group variable and sampling day (Days 0, 7, 14, and 21) as within-subject variable, followed by the post-hoc Tukey honest significance difference (HSD) test for unequal sample size, was used to compare the area of the anal gland in control and KTtreated males. The Mann-Whitney U-test was used to compare control and KTtreated males in terms of GSI, cross-sectional area of testis and testicular gland, and cross-sectional area of the testicular gland occupied by cell nuclei, mucins, and unstained vacuoles.
The normalized EOG amplitudes evoked in prespawning (nonreproductive) and spawning (reproductive) females by pooled culture media of anal glands, testis, and blind-pouch fluid were analyzed by two-way repeated-measures ANOVA (male treatment and concentration as repeated within-subject variables, and female reproductive condition as between-group variable), and the means were compared by the Tukey HSD test. The olfactory responses of reproductive and nonreproductive females to pooled culture media of fin rays at the concentration of 0.1 mg tissue/ml also were compared by repeatedmeasures ANOVA with female condition as between-group variable and culture media from control and KT-treated males as within-subject variable.
The olfactory potency (mean EOG amplitudes evoked in two reproductive females) of individual culture media of anal glands and fin rays was analyzed by repeated-measures ANOVA with male treatment (control and KT-treated) as between-group variable and tissue type as within-subject variable, and the means were compared by the Tukey HSD test for unequal samples. The olfactory potency (mean EOG amplitudes evoked in two or three reproductive females) of individual culture media of testicular tissue and bile fluid was compared between control and KT-treated males by Student t-test for independent samples. Kendall tau correlation was used to analyze the relationships 1) between the olfactory potency of anal gland individual culture medium from control and KT-treated males and the percentage of secretory cells in the anal glands, 2) between the olfactory potency of male culture medium of the testicular tissue and the testis area, and 3) between the testicular gland area and relative area occupied by mucins in the testicular gland. All values are expressed as the mean 6 SEM, and differences are considered to be significant when P , 0.05.
RESULTS

Effects of KT on Anal Gland, Testis, Testicular Gland, and Blind Pouch
As shown in Table 2 , plasma KT levels were initially low and similar in both control and KT-treated males; at 7 days after implantation, KT levels in KT-treated males increased and remained elevated throughout the 3 wk compared to levels in controls, which did not change. Increased KT levels were associated with increases in the area of the anal gland, which increased 7 days after implantation and did not change significantly thereafter; in controls, the anal gland area did not change (Table 2) . On Day 21, the anal gland somatic index of KT-treated males (0.062% 6 0.007%, n ¼ 10) also was larger than that of controls (0.041% 6 0.003%, n ¼ 12; MannWhitney U-test, P , 0.01). Together with size increase, numerous clusters of PAS-reactive (but not AB-reactive) secretory cells (Fig. 1 ) appeared in the anal glands of all KTtreated males (n ¼ 6), occupying 30.1% 6 2.9% of the sampled area. The number of secretory cell clusters increased in all KTtreated males (n ¼ 6) on Days 14 and 21 after implantation, occupying 36.7% 6 4.1% and 43.2% 6 3.6%, respectively, of the sampled area. These clusters were seen in only one control male on Days 14 and 21, occupying only 6.1% and 14.9%, respectively, of the sampled area. The clusters of secretory cells consisted of densely packed columnar cells with cytological signs of active protein secretion (i.e., nucleus containing abundant euchromatin and conspicuous nuclear pores) and a well-developed, rough endoplasmic reticulum and Golgi complex producing electron-dense secretory vesicles (Fig. 2) .
The GSI of KT-treated males (0.17% 6 0.04%) was greater than that of control males (0.08% 6 0.01%; MannWhitney U-test, n KT-treated ¼ 10, n control ¼ 12, P , 0.05). The testicular gland was responsible for most of this difference (Fig. 3, A-D) , because the cross-sectional area of the testicular gland of KT-treated males (0.63 6 0.19 mm 2 ) was larger than that of control males (0.36 6 0.03 mm 2 ; Mann-Whitney Utest, n KT-treated ¼ n control ¼ 6, P , 0.05), whereas the crosssectional area of the testis was not different between the two groups of males (KT-treated, 0.96 6 0.21 mm 2 ; control, 0.74 6 0.11 mm 2 ; Mann-Whitney U-test, n KT-treated ¼ n control ¼ 6, P ¼ 0.394). In controls, the testicular gland tubules were not well defined, and the cells were relatively small, with their nuclei close to each other. The area occupied by nuclei was more than double that in KT-treated males (Figs. 3, E and F, and 4) . The differences between the testicular glands of control and KT-treated males reflected differences in cellular activity. In general, the testicular gland of control fish showed a weak reaction to PAS, in contrast to the strong reaction to AB (pH 2.5), which was seen only in the testicular glands of KTtreated males (Fig. 3, G and H) , suggesting the presence of acidic mucins. Also, the testicular glands of control males had much larger areas unstained by either H&E or PAS/AB than those of KT-treated males (Figs. 3, E-H, and 4) . These unstained areas in KT-treated males corresponded largely to lipid vacuoles, whereas in control males, they were gland tubules without or with only a small amount of acidic mucins. In contrast to the testicular gland, the transversal sections of the testis stained with H&E or PAS/AB did not show any differences between KT-treated and control males: Spermatocysts with spermatogonia, spermatocytes, and spermatids (types I and II) were seen in the testis, and spermatids (type III) were seen in the glandular tubules (data not shown).
All KT-treated males had well-developed blind pouches, whereas half (6 of 12) of the control males had rudimentary blind pouches. Two controls had well-developed blind pouches, two had developed blind pouches, and two had blind pouches in development.
Effects of KT on Odor Secretion
Both reproductive and nonreproductive females gave significantly larger EOG responses to anal gland culture medium from KT-treated males than to that from control males (F 1,10 ¼ 16.431, P , 0.01) (Fig. 5A ), but these females responded similarly to pooled fin-ray culture media from control and KT-treated males (F 1,10 ¼ 4.067, P ¼ 0.071) (Fig.  5B) . The amplitude of response to either stimulus did not depend on the reproductive status of the female (anal gland culture medium, F 1,10 ¼ 1.565, P ¼ 0.239; fin-ray culture medium, F 1,10 ¼ 0.177, P ¼ 0.683). The pooled fin-ray culture medium evoked smaller EOG responses than did the anal gland culture medium (compare Fig. 5, A and B) . Furthermore, the olfactory potency of individual anal gland culture medium from KT-treated males was stronger than that from control males; no such differences were seen for individual fin- ray   FIG. 4 . Relative area of cell nuclei and regions unstained by H&E and occupied by acidic mucins (areas that reacted to AB at pH 2.5) in the testicular gland of KT-treated males (n ¼ 6; solid bar) and control males (n ¼ 6; open bar). The unstained area was larger in controls than KT-treated males (Mann-Whitney U-test, n KT-treated ¼ 6, n control ¼ 6, P , 0.01), and the same was seen for the area occupied by the nuclei (Mann-Whitney U-test, n KT-treated ¼ 6, n control ¼ 6, P , 0.01). A larger area was occupied by acidic mucins in KT-treated males than in control males (Mann-Whitney U-test, n KT-treated ¼ n control ¼ 6, P , 0.01). **P , 0.01. culture medium (Fig. 5C ). The amplitude of olfactory response to an individual anal gland culture medium was positively correlated with the percentage of secretory cells in that gland (Kendall tau correlation, s ¼ 0.756, n ¼ 12, P , 0.05) (Fig.  5D) .
The pooled testicular tissue culture media from KT-treated males elicited significantly greater EOG amplitudes than did that from control males (F 1,10 ¼ 42.9, P , 0.001) (Fig. 6A) . Moreover, the olfactory potency of individual testicular tissue culture media from KT-treated males was stronger than that from control males (Student t-test, P , 0.001) (Fig. 6B) . Again, the amplitude of response did not depend on the reproductive status of the female (F 1,10 ¼ 0.298, P ¼ 0.597), whether stimulated by the media of control or KT-treated males (F 1,10 ¼ 1.943, P ¼ 0.194). The olfactory potency of testicular tissue medium was positively correlated with the presence of mucins in the testicular gland (Kendall tau correlation, s ¼ 0.55, n ¼ 12, P , 0.05) and with its cross-sectional area (s ¼ 0.47, n ¼ 12, P , 0.05) but not that of the testis (s ¼ 0.12, n ¼ 12, P ¼ 0.583).
The pooled blind-pouch fluid of KT-treated males elicited larger EOG amplitudes than did that of controls (F 1,10 ¼ 43.9, P , 0.001) (Fig. 6C) . Again, however, the response amplitude was independent of female reproductive status (F 1,10 ¼ 3.383, P ¼ 0.096), whether stimulated by the fluid of control or KTtreated males (F 1,10 ¼ 0.198, P ¼ 0.666).
DISCUSSION
Treatment with KT promoted both enlargement and differentiation of the anal gland. This included signs of intense metabolic activity in the secretory cells, associated with the production of a protein-like secretion released to the water that includes neutral mucins (glycoproteins). The number of such cells was positively correlated with the olfactory potency of the anal gland secretion. Moreover, the olfactory potency of undifferentiated skin secretion did not differ between control and KT-treated males and was smaller than that of the anal gland secretion, which indicates that odorant production in the anal gland may be regulated by KT. Although no firm link can yet be made between glycoprotein secretion from the anal gland and odorants produced by the gland, we previously found that these odorants are hydrophilic compounds mostly smaller than 500 Da but with some larger than 10 kDa, supporting the hypothesis that amino acids and/or small peptides, possibly derived from proteins or glycoprotein precursors, may contribute to the anal gland odor [30] .
The main source of circulating KT in peacock blenny bourgeois males appears to be Leydig-type cells in the testicular gland interstitium, which were shown to have steroidogenic activity during the breeding season [27, 35] . In fact, KT itself appears to be under the control of LH, which has been shown to stimulate anal gland growth in the peacock blenny [39] and can either stimulate directly cell differentiation in the anal gland or indirectly, but perhaps less likely, production of intermediary factors in the testicular gland, which then act on the anal gland. To our knowledge, the current study is the first in teleosts to demonstrate androgen control of the differentiation of an external gland that specifically produces a male pheromone involved in attraction of reproductive females [29, 30] .
In addition, KT stimulates odorant secretion by the testicular glands. The germinal region of S. pavo testes is similar in structure to that of other teleosts, consisting of parallel seminiferous tubules, where the germ cells are either entirely surrounded by Sertoli cells or arranged in cysts, and a testicular interstitium, with Leydig cells scattered in small clusters, often close to blood capillaries [37] . Our results suggest that KT may act on the secretory cells in the testicular gland and induce sialomucin secretion into the gland tubules; the testicular glands have been suggested to be involved in formation of the seminal fluid and/or maturation of spermatozoa [27, 35, 36] . Moreover, the olfactory potency of testes secretion was positively correlated with the testicular gland cross-sectional area and its secretory activity (amount of sialomucins), suggesting that the testicular gland, not the germinal region of the testis, is the source of odorants. Because the olfactory system of females does not detect KT, the increased olfactory potency of testes secretion from KT-treated males could result from the production of other steroids and/or related metabolites by Leydig cells and/or sialomucins or related compounds 
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secreted by the testicular gland. These sialomucins, together with sulfomucins produced in the spermatic ducts, seem to be associated with an increase in viscosity of the seminal fluid [27, 40] that may enhance sperm longevity and allow efficient fertilization of eggs deposited in cavities by females [35, 41, 42] . The secretions from the testicular glands may be an adaptation to a territorial, nest-guarding tactic in blennies, because sneaker males either lack or have only rudimentary testicular glands [22, [42] [43] [44] .
Treatment with KT also increased production of fluid in the testicular blind pouches, and this fluid had higher olfactory potency than that in controls. The blind pouches have an annual growth cycle synchronous with that of the testis, testicular gland, and spermatic duct [28, 35, 40, 45] . After an inactive regeneration phase during interspawning and prespawning, the monolayered secretory epithelium of the blind pouches produce steroid glucuronides during the spawning season [28] , and they have been suggested to act as sex pheromones in S. pavo by Lahnsteiner et al. [28] . To our knowledge, however, chemical identification of the odorants present in the blind pouch fluid is lacking.
Maximal chemical attraction of reproductive female S. pavo to conspecific territorial males is evoked by a mixture of odorants from the anal gland and other sources [30] . These odorants probably are different chemical compounds and, together, may constitute a multicomponent pheromone [30] . This pheromone may convey information to females about species identity, location, and likelihood of egg fertilization and paternal investment. Further research, however, is necessary to identify each component and to assess its individual effects on female reproductive behavior and/or physiology. Also, given that sneaker males lack both the anal glands and the accessory testicular organs, we predict that they are chemically inconspicuous to conspecifics. Sneaker males may use the chemical cues released by the territorial males, however, to locate and/or choose males that are most attractive to females, thereby increasing their chances to sneak egg fertilization [29, 30] .
In conclusion, the current study shows that an increased plasma KT level in S. pavo territorial males stimulates cell differentiation in the anal glands and consequent production of odorant secretion. Furthermore, KT stimulates secretory activity in the testicular glands and increased odorant production by both the testicular gland and blind pouches. Therefore, KT may regulate production of the multicomponent male pheromone involved in female attraction.
